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The Dubrovnik sheep is the most endangered Croatian indigenous sheep breed. The aim of
the paper was to determine the blood metabolic profile and which blood metabolites can be
used in nutritional status assessment of the Dubrovnik sheep. The investigation was conducted
with 10 sheep of the Dubrovnik sheep breed at the average age of 3 years, during summer feed-
ing season. The sheep were fed pasture and meadow hay. In the blood of the Dubrovnik sheep
were determined the higher concentrations of sodium and chloride (175.40 and 128.60 mmol/l),
and biochemical indicators (cholesterol — 2.34 mmol/l; triglycerides — 0.42 mmol/l; total pro-
teins — 79.70 g/l and albumins — 32.40 g/1), as well as lower concentrations of inorganic phos-
phorus and iron (1.31 mmol/l and 23.52 pmol/l) in comparison with the physiological values.
Activities of enzymes and thyroid hormones in the blood of sheep ranged within physiological
limits. Determined levels of most minerals (except inorganic phosphorus and iron) and bio-
chemical indicators showed to an adequate supply of sheep with minerals, protein and energy
and the possibility of lack of water during hot summer months. Blood metabolic profile is sug-
gested to use as a reliable criterion in sheep nutritional status assessment.
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METABOJIMYEH ITPO®NUJI HA KPBTA HA TYBPOBHHYKATA OBIIA
— XPBATCKA 3AT'PO3EHA PACA -

JlyOpoBHHUKaTa OBIla € Haj3arpo3eHa paca Ha oBIM Bo PemyOmmka Xpsarcka. Llenta Ha oBOj Tpyn e na ce
YTBpAM MeTaboIn4eH MpoQuiI Ha KPBTA, YUHINTO MTOKA3aTENIN MOXKAT Ja Ce KOPHCTAT BO MPOLCHATA HAa XPAaHUIOCHH-
OT cTaTyc Ha TyOpoBHHYKATa oBHA. VcTpaxkyBameTo € N3BeyBaHO BO TEKOT Ha IieJlaTa JeTHa XpaHHAOeHa Ce30Ha COo
10 oBuu o myOpoBHHUKaTa paca. Orure Oea co mpoceuna Bo3pact ox 3 rogunu. IIpecrojyBaa Ha mama, a 1Mo Bpa-
KameTo BO IITaya KOHCYMHpaa JIMBaJCKO ceHo. Bo kpBra Ha JyOpOBHHMYKATa OBIA C€ YTBPAEHH ITOBUCOKHM KOHIICH-
tparmu Ha Na u Cl (175,40 u 128,60 mmol/l), kako 1 Ha HeKOM OMOXEMHCKH ITOKa3aTenn (xoiectepos — 2,34
mmol/l; Tpurmunepuau — 0,42 mmol/l; Bkymau nporennu — 79,70 g/l u anbymunu — 32,40 g/1), 1 HUCKH KOHIIEHTpa-
UM Ha Heoprancku ¢ocdop u xeneszo (1,31 mmol/l u 23,52 mikromol/l) Bo ciopenba co HuBHHTE pedepeHTHH
BPEIHOCTH. AKTUBHOCTA Ha €H3UMHUTE U XOPMOHHUTE Ha IITHTHATA XKJI€3[a BO KPBTa HA OBIMTE Oelle BO paMKHUTE Ha
(DU3HOIIOMIKNTE BPEAHOCTH. Y TBPACHUTE KOHIECHTPAUH HA MOTOJIEMUOT Opoj MUHEpask (OCBEH HEOPTaHCKUOT (oc-
¢dop u xene30) ¥ OMOXEMUCKHUTE MOKa3aTelM BO KpBaTa yKa)kKyBaaT Ha aJeKBaTHAa CHAOAEHOCT HA OBIUTE CO MHHE-
pajy, IPOTEeNHN U CHEePTHja U MaJ HeJIOCTUT Ha BOJA BO TEKOT Ha JICTHUTE MECEU. Y TBPAYBambeTO Ha METa0OINUCH
npodriI Ha KPBTa MOXKE Ja Ce 3eMe KaKO KBAIUTETEH KPUTEPHYM BO IPOIeHaTa Ha XPaHUIOCHNOT CTaTyC Ha TyOpoB-
HHUYKaTa OBIA.

Knyunu 300poBu: 1yOpoBHHYKA OBILA; XPAaHUAOCH CTATYC; METa0ONIN4eH POl Ha KPBTa
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1. INTRODUCTION

The Dubrovnik sheep, known as the Dubrov-
nik ruda, is the most jeopardized Croatian indige-
nous sheep breed. By the CLC data (2008) total of
396 breeding-valuable sheep are raised in the Re-
public of Croatia in 22 sheep herds with very small
number of sheep (18 animals/herd). In comparison
with total breeding sheep in Croatia the Dubrovnik
sheep participated with 1.16%. Preservation of
genetic diversity of domestic animals is getting
more important. Recognition, preservation and
incentive of domestic animals specific genotypes
breeding for certain breeding area and country are
measures that should be taken from zoo-technique,
ethical, cultural-scientific and other reasons aim-
ing to preserve its own identity (Antunovic¢ et al.,
2007). The Dubrovnik sheep-ruda represents the
autochthonous Croatian breed created by disorgan-
ized merinization of domestic sheep populations in
order to improve their production characteristics. It
is reared in the narrow, but long coastal area of
Dubrovnik, from Ston to Herceg Novi, encompass-
ing the islands of Lopud, Sipan and Kolo&ep, and
less in the hinterland of Dubrovnik. The Dubrov-
nik sheep is of medium, but quite well built. It
reared in smaller flocks primarily for meat and
milk production and to a smaller extent wool pro-
duction. Aiming to obtain more successful breed-
ing of this sheep it is necessary to promote its
technology. Prior to the required activities, the ex-
isting breeding quality should be determined. Due
to feeding importance its status determination is
one of the first directions which should be intro-
duced aiming to assess present Dubrovnik sheep
feeding. Disorder of nutrients metabolism often
occurs if animals feeding is unbalanced or due to
food nutrients lack or excess. Recently, blood me-
tabolite profile has been increasingly used in sheep
nutritional status estimation (Klinkon and Zadnik,
1997; Herdt et al., 2000; Van Saun, 2000; Antuno-
vi¢ et al., 2002; Antunovié et al. 2007).

The paper aims to determine blood metabolic
profile and which blood metabolites can be used in
nutritional status assessment of the Dubrovnik
sheep.

2. MATERIAL AND METHODS

The investigation was conducted with 10
sheep of the Dubrovnik sheep breed at the average

age of 3 years during the summer feeding season.
The sheep were fed pasture and meadow hay ad
libitum.

The sheep blood was sampled (10 ml) from
the jugular vein, after morning, in sterile vacuum
tubes Venoject® (Sterile Terumo Europe, Leuven,
Belgium), centrifuged for 10 minutes at 3000 revo-
lutions and frozen. Content of minerals (Ca, P-in-
organic, K, Na, Fe and Cl), biochemical indicators
(glucose, urea, creatinine, bilirubin, total proteins,
albumin, triglycerides, total cholesterol, HDL-cho-
lesterol and LDL-cholesterol) and enzyme activity
(ALT-alanine aminotransferase, AST-aspartate ami-
notransferase, ALP-alkaline phosphatase, GGT-y-
glutamyl transferase and LDH-lactate dehydro-
genase) were determined by the apparatus Olym-
pus AU640 in the thawed off blood serum. The
thyroid hormones (T; — triiodothyronine, and T, —
thyroxin) sera concentrations were determined us-
ing the radio immunisation method on automatic
immunoanalyser IMX-ABBOTT.

Statistical analysis of data was performed by
the computer program STATISTICA (2008). Re-
sults were statistically evaluated using descriptive
statistic.

3. RESULTS AND DISCUSSION

In these investigations higher Na and CI con-
centrations were determined in the blood of sheep
as well as lower concentration of P-inorganic and
Fe compared to the reference values according to
Kaneko et al. (1997) (Table 1). Concentrations of
Ca and K were determined on the upper limit of
reference values (Kaneko et al., 1997). Antunovié
et al. (2008) found similar concentrations of Ca, P,
K and Fe in the blood of the sheep Tsigai breed.
The analysis of sheep supply with minerals shows
that, due to food/blood mineral relation, animal’s
supply with P, K, Na, Zn and Se is likely to be
predictable, although metabolism of other minerals
is primarily dependent on homeostatic processes
(Herdt et al. 2000). Changes in the concentration
of minerals may be related to the nutrition of
sheep. Wealth of pasture with Ca and K and the
deficit in P and Fe (Underwood and Suttle, 2000)
is known. Higher concentrations of Na and CI in
the blood of sheep can be connected with some-
what higher salt level in the sheep pasture due to
winds and salt deposited from the sea. Similar re-
sults were stated by Baranowski et al. (2002) and

Maced. J. Anim. Sci., 1 (1) 35-38 (2011)



Blood metabolic profile of the Dubrovnik sheep — Croatian endangered breed 37

Pastrana et al. (1991). The change in Na and Cl
was due to water restriction during summer
months because it causes hemoconcentration phe-
nomena as results of a lower blood water level
(Casamassima et al., 2008).

Table 1

Mineral concentration (mmol/l)
in the blood serum of the Dubrovnik sheep

Indicators Standard Reference

,mmol/l X S min—max error values*

Ca 3.01 0.09 2.92-3.14 0.04  2.80-3.20

P 1.31 0.28 1.05-1.75 0.12 1.62-2.63

K 522 0.33 4.90-5.70 0.14  3.90-5.40
Na 175.404.04 171.00-181.00 1.81 139.00-152.00
Cl  128.605.77 119.00-133.00 2.58 95.00-103.00
prl:)’l/l 23.52 422 18.00-29.00 1.89 29.70-39.70

*Kaneko et al. (1997)

Animal energy status determination is very
important in nutritional status assessment since it
is reflected in animal productivity and health con-
dition (Van Saun, 2000). Concentration of choles-

terol, triglycerides, total protein and albumin were
higher in comparison with reference values accor-
ding to Kaneko et al. (1997). Assessment of the
animal proteins supply is a rather complex proce-
dure involving much more blood indicators. First
of all it includes urea, total proteins, albumins and
creatinine (Van Saun, 2000). Caldiera et al. (2005)
reported that urea and protein concentrations are
the most reliable indicators of the sheep protein
status. In this investigation adequate concentration
of urea and slightly higher concentration of choles-
terol, triglycerides, total proteins, creatinine and
albumins were determined compared with referen-
ce values according to Kaneko et al. (1997) (Table
2). These changes can be linked with a pasture rich
on proteins, and water shortages during the sum-
mer months. Casamassima et al. (2008) have ob-
tained higher levels of triglycerides, albumin, total
protein and cholesterol in the experiment with
sheep by water restriction. Other papers (Aganga
et al, 1989; Jaber et al, 2004; Alamer, 2005)
showed an increase in blood concentration of total
proteins, urea, creatinine, cholesterol and electro-
lytes in different breeds of sheep subjected to wa-
ter restriction.

Table 2

Biochemical concentration in the blood serum of the Dubrovnik sheep
Indicators, mmol/L X s min—max Standard error ~ Reference values
Glucose 2.94 0.34 2.60-3.30 0.15 2.78 — 4.44!
Urea 5.08 0.50 4.30-5.60 0.22 2.86-7.14!
Cholesterol 2.34 0.32 1.90-2.70 0.14 1.35-1.97
Triglyceride 0.42 0.11 0.30-0.60 0.05 0.0-0.2!
Creatinine, pmol/l 90.08 4.87 86.00 —97.00 2.18 50 — 109?
Total proteins, g/l 79.70 6.25 72.70 — 86.70 2.79 60.00 — 79.00"
Albumine, g/l 32.40 0.57 31.70 - 32.80 0.19 24 - 30!
HDL 1.51 0.22 1.26 — 1.86 0.10 -
LDL 0.66 0.17 0.50-0.90 0.08 -
Total bilirubin, pmol/l 2.60 1.52 0.01 —4.00 0.68 1.71 - 8.55!

! — Kaneko et al. (1997), > — Baumgartner and Pernthaner (1994)

Thyroid gland hormone concentrations indi-
cate energy supply, thus they can be taken as a
good criterion in assessment of small ruminants
energy status (Todini et al. 2007, Todini, 2007,
Antunovi¢ et al., 2008). Activity of ALT, AST and
GGT enzymes as well as urea concentrations can
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be recommended as a reliable liver status criterion
(Van Saun, 2000 and 2007).

In these investigation activities of thyroid
hormones and enzymes in the blood of the Du-



38 Z. Antunovié, 1. Marié, Z. Steiner, M. Vegara, J. Novoselec

brovnik sheep were in physiological limits (Table
3).
Table 3

Enzymes activity in the blood
of the Dubrovnik sheep

Standard Reference
U/l X s min—max error values*

AST 97.00 15.03 83.00-122.00 6.72  60—280
ALT 17.80 4.55 13.00-25.00 2.03 6-20
ALP 132.20 84.35 45.00 -236.00 37.72 68 —387
GGT  52.60 24.75 9.00—69.00 11.08 20-52
LDH 363.2034.98314.00 —-397.00 15.65 238-440

Enzymes,

*Kaneko et al. (1997)

Table 4

Activity of thyroid hormones and its ration
in the blood of the Dubrovnik sheep

Standard  Reference
min—max error values*

Indicators
pmol/l X S

T; 1.11 0.15 0.92-1.27 0.07 —

T, 68.39 11.0151.48-81.98  4.92 54-110.7
T3/T, 0.017 0.003 0.01 —0.02 0.001 —

*Kaneko et al. (1997)

4. CONCLUSIONS

Determined levels of most minerals and bio-
chemical indicators showed an adequate supply of
sheep with minerals, protein and energy and the
possibility lack of water during the hot summer
months. Blood metabolic profiles are suggested to
be used as a reliable criterion in the sheep nutritio-
nal status assessment.

Acknowledgment: This article is a part of the research
project “Nutrition aspects of modelling the sheep productivity

and metabolic profile” financed by the Ministry of Science,
Education and Sport of the Republic of Croatia.

REFERENCES

Aganga A. A., Umunna N. N., Oyedipe E. O., Okoh P. N.,
Influence of water restriction on some serum components
in Yankasa ewes. Small Rum. Res., 2, 19-26 (1989).

Alamer M., Effect of deprivation and season on some bio-
chemical constituents of blood in Awassi and Najdi sheep
breeds in Saudi Arabia. J. Anim. and Vet. Adv., 48, 15-20
(2005).

Antunovié Z., Senéi¢ D., Speranda M., Liker B., Influence of
the season and the reproductive status of ewes on blood
parameters, Small Rum. Res., 45, 39—44 (2002).

Antunovi¢ Z., Mari¢ 1., Senc¢i¢ ., gperanda M., Steiner Z.,
Exterior, productive and metabolic characteristic of Du-
brovnik sheep lambs, Abstracts of the Ist Conference on
Native Breeds and Varieties as part of natural and Cul-
tural Heritage, Sibenik, Croatia, 6-8 (2007).

Antunovi¢ Z., Bukvi¢ G., Antunovi¢ M. gperanda M., No-
voselec J.,: Changes of the botanical composition and
mineral concentrations (P, Ca, F, Zn, Cu) in the above
ground biomass of the pasture and their influence on the
ewes’ blood characteristics, Cereal Res. Commun., 36, 3,
Suppl. S., 1443-1446 (2008).

Antunovi¢ Z., gperanda M., Novoselec J.; Steiner Z., Djidara
M., Influence of age on exterior traits, blood biochemical
parameters and thyroid hormones of Tsigai sheep, Pro-
ceedings of the 7" IBNA International Symposium, Sept.
25-26, 2008, Bucuresti, Romania, 53-57 (2008).

Baranowski P., Genetic and environmental factors of macro-
elements concentration in blood serum and osseous tissue
of lambs in north-west Poland, Arch. Tierz. Dummerstorf,
45, 565-574 (2002).

Baumgartner W., Pernthaner A., Influence of age, season, and
pregnancy upon blood parameters in Austrian Karakul
sheep. Small Rum. Res., 13, 147-151 (1994).

Caldeira R. M., Belo A. T., Santos,C. C., Vazyues M. L., Por-
tugal A. V., The effect of body condition score on blood
metabolites and hormonal profiles in ewes. Small Rum.
Res., 27, 1-9 (2005).

Casamassima D., Pizzo R., Palazzo M., D'alessandro A. G.,
Martemucci G., Effect of water restriction on productive
performance and blood parameters in comisana sheep
reared under intensive condition. Small Rum. Res., 78,
169-175 (2008).

CLC, Annual report, Croatian Livestock Center, Zagreb (2007).

Herdt T. H., Rumbeiha W., Braselton W. E., The use of blood
analyses to evaluate mineral status in livestock, Vet. Clin.
North Am. Food Anim. Pract., 16, 423-444 (2000).

Jaber L. S., Habre A., Rawda N., Abi Said M., Barbour E. K.,
The effect of water restriction on certain physiological pa-
rameters in Awassi sheep. Small Rum. Res., 54, 115-120
(2004).

Kaneko J., Harvey J. W., Brus M. L., Clinical Biochemistry of
Domestic Animals, Academic Press, 932 (1997).

Klinkon M., Zadnik T., An outline of the metabolic profile
test (MPT) in small ruminants, Stocarstvo, 51 : 449—454
(1997).

Pastrana R., Mcdoweel L. R., Conrad J. H., Wilkinson N. S..:
Macromineral status of sheep in the Paramo region of Co-
lumbia. Small Rum. Res., 5, 9-21 (1991).

STATISTICA-StatSoft,Inc. version 8,0. 2008, www.statsoft.com

Todini L., Thyroid hormones in small ruminants: effects of
endogenous, environmental and nutritional factors. Ani-
mal, 1, 997-1008 (2007).

Todini L., Malfatti A. Valbonesi A., Trabalza-Marinucci M.,
Debendetti A., Plasma total T and T, concentrations in
goats at different physiological stages, as affectted by the
energy intake, Small Rum. Res., 68, 285-290 (2007).

Underwood E. J., Suttle N. F., The Mineral Nutrition of Live-
stock. 3™ ed., CABI Publishing, 614 (2001).

Maced. J. Anim. Sci., 1 (1) 35-38 (2011)



Blood metabolic profile of the Dubrovnik sheep — Croatian endangered breed

39

Van Saun R., Blood profiles as indicators of nutritional status.
Proceedings of 18th Annual Western Canadian Dairy
Seminar, Red Deer, Alberta, Canada, 1-6 (2000).

Van Saun R., Metabolic profiling of transition cows: can we
predict impending problems? Danske Kvaegdyrkegers
forenings Arsmede, Hindsgavl Slot., 1-8 (2007).

Maced. J. Anim Sci., 1 (1) 35-38 (2011)



